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THE RELATIONSHIPS BETWEEN LENGTHENING CAPACITY
OF SEEDLINGS AND THE POST-FIRE GERMINATIVE BEHAVIOUR
OF SIX CISTUS SPECIES.
S. CHAMORRO-MORENO1 & J. L. ROSÚA-CAMPOS2
RÉSUMÉ
Nous avons appliqué différents traitements thermiques aux semences de six espèces du
genre Cistus pour connaître la température la plus élevée qui ne soit pas létale, ainsi que
l’intervalle de température qui peut lever leur dormance. Nous avons aussi déterminé la capa-
cité maximale d’allongement de leurs hypocotyles. Considérant les températures caractéristi-
ques qu’acquièrent les différentes couches du sol lors des incendies forestiers et les paramè-
tres précités, nous pouvons établir les classes de profondeur du sol auxquelles ces semences
peuvent à la fois supporter le choc thermique provoqué par les incendies, être stimulées par la
température levant donc leur dormance et, malgré leur petite taille, germer et émerger du sol.
Les résultats obtenus permettent de classer les espèces de Cistus étudiées en trois groupes : le
groupe de C. crispus, C. ladanifer et C. monspeliensis qui ne peut supporter que des chocs
thermiques de faible intensité, le groupe de C. albidus et C. populifolius qui peut supporter
des chocs de grande intensité et C. salvifolius qui ne supporterait que les chocs d’intensité
modérée. L’analyse des résultats obtenus montre que la capacité maximale d’allongement de
l’hypocotyle des semences est le principal facteur responsable de ces différences entre espè-
ces détectées. En outre sont discutées quelques caractéristiques morphologiques de ces
semences — telles que leur taille et leur capacité de dispersion à partir des pieds-mères — en
plus de la texture des sols, et la périodicité et l’intensité des incendies, pour pouvoir mieux
expliquer les différences observables dans la capacité de colonisation de chaque espèce après
des incendies forestiers.
SUMMARY
Several thermal treatments simulating forest-ﬁre effects were applied to the seeds of six
Cistus species to ascertain both the maximum temperature endured, and the temperature inter-
val needed to break their dormancy. The greatest lengthening capacity of the hypocotyls was
also determined. Taking into account the typical temperatures reached in the soil proﬁle dur-
ing several forest-ﬁre regimes, together with both the lengthening capacity of the hypocotyls,
and the germinative behaviour after different thermal pulses of the seeds, we established a
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theoretical range of burying depth at which these seeds endure the pyrogenic heat pulse, break
their dormancy, germinate, and emerge from the soil. For buried seeds, the data revealed three
groups with different tolerance to forest ﬁres: the cluster of C. crispus, C. ladanifer and C.
monspeliensis, and the cluster of C. albidus and C. populifolius, which withstood thermal
pulses of low and high intensity, respectively; and C. salvifolius, which withstood moderate-
intensity heat pulses. The data analysis indicated that elongation capacity of the hypocotyls
accounted for the above interspeciﬁc differences. In addition, some traits of the seeds as size,
and capacity of dissemination away the mother-plant, together with soil texture and ﬁre
regime are discussed to in terms of the interspeciﬁc differences in post-ﬁre colonization
behaviour of these species.
INTRODUCTION
The genus Cistus L. (rockrose) includes about 20 species of shrubs native to
the Mediterranean basin, which are frequent components of its shrublands and bus-
hlands (Núñez-Olivera, 1989; Núñez-Olivera et al., 1995), some being among the
most aggressive invasive species in disturbed areas of Mediterranean-type ecosys-
tems. This situation is usually ascribed to three main factors: overgrazing, soil dis-
turbance and forest fire. 
Although Castro & Romero-García (1999) have recently reported the con-
sumption of Cistus clusii Dunal by free-ranging livestock, many field observations
have noted that the leaves of most Cistus species are unpalatable and rejected by
grazing sheep and goats (Shantz, 1947), thereby promoting the predominance of
Cistus by grazing on other more edible species. Similarly, many researchers pro-
vide evidence for the significant effect in the colonizing behaviour of both mecha-
nically disturbed soils (Pugnaire & Lozano, 1997) and forest fires (Ruiz de la Torre,
1955; Juhren, 1966; Le Houerou, 1973; Papanastasi, 1977; García Novo, 1977).
Although some authors describe the post-fire resprouting of some Cistus taxa,
such as C. incanus subsp. corsicus (Loisel.) Heywood and C. salvifolius L. (Naveh,
1974, 1975; Trabaud & De Chanterac, 1985), most of these plants appear to be una-
ble, in the vegetative form, to withstand forest fires. On the contrary, many reports
describe a pronounced post-fire increase in population caused by massive seed ger-
mination, including the above two taxa (Le Houerou, 1973, 1977; Naveh, 1974,
1975; Papanastasi, 1977; García Novo, 1977). In fact, Le Houerou (1973) has clas-
sified them as “active pyrophytes”, since they can endure forest fires rather than
resettling in a previously burnt area. That is, the post-fire germinated seeds must
have been inside the soil at the time of the fire. This hypothesis is supported by the
reduced capacity of these seeds to reach great distances from the mother plant (Tra-
baud & Oustric, 1989c). Nevertheless, some authors consider these species oppor-
tunists rather than pyrophytes, since they can successfully invade disturbed lands
rather than being preserved by or taking advantage of forest fires (Trabaud, 1995).
It is well known that many species of Mediterranean-type ecosystems have the
capacity for both resistance to thermal shock as well as massive germination after forest
fires of many of their seeds, just as in four of the six Cistus species studied here (C. albi-
dus, C. monspeliensis, Vuillemin & Bulard, 1981; Trabaud & Oustric, 1989b; C. lada-
nifer, Valbuena et al., 1992, and C. salvifolius, Trabaud & Oustric, 1989b). This post-
fire behaviour has been attributed to their resistance to high temperatures as well as to
the ability of thermal shock to break their dormancy. Although some seeds of Cistus can
reportedly endure up to 5 min exposure to 150 ºC (Trabaud & Oustric, 1989b; Valbuena
et al., 1992), this heat resistance is clearly insufficient for the high temperatures of
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forest fires. In fact, most observations on their post-fire seedling emergence suggest that
bare seeds as small as those of Cistus species can survive a forest fire only if they are
buried and thus insulated from the direct effect of the heat. As the intensity of the heat
pulse that reaches a seed depends on the burying depth, a major factor in the post-fire
germinative behaviour would be the depth range at which a thermal pulse can break dor-
mancy or kill the seed. Nevertheless, for very small seeds unable to generate tall see-
dlings from their own reserves, another crucial factor to explain their germinative beha-
viour is the capability of the emerging seedling to reach the soil surface from different
soil depths. 
The objective of the present work is to gain insight into the relationship
between the lengthening capacity of emerging seedlings and the effect of forest-
fires of different intensities on the germination rate and seedling emergence of
seeds buried at different soil depths, as well as on the depletion of the soil seed
bank.
Although 12 Cistus species have been described in Morocco, we have chosen
for this study only the six species living together in the biogeographic region of the
Djebala (Jahandiez & Maire, 1931-1941), situated in the far west of the Rif moun-
tains. In this region of homogeneous climate, fire has long constituted an essential
ecological factor, since the local farmers have traditionally used it to establish their
shifting fields (Ruiz, 1955). 
For the six species studied here, we performed the following experiments. We
determined the germination rate for their seeds after 5 min of exposure of tempera-
tures ranging from 50 ˚C to 130 ˚C. Comparing the former germination rates with
soil temperature profiles after fires, we calculated the expected germination rate of
these seeds within the soil profile after forest fires of different intensities. In this
regard, DeBano et al. (1977) compiled copious data on soil temperatures in wildfi-
res as well as prescribed burns in the Californian chaparral ecosystems that might
be adequate to describe soil-temperature profiles during fires in Cistus shrublands.
These data describe soil temperatures at three depths (0, 25 and 50 mm) during
intense, moderate and low-intensity fires and were used here to establish the ther-
mal pulse endured by the soil seed bank at different depths (see below). 
We also determined the greatest elongation in darkness of the hypocotyl to
determine the rate at which seedlings can reach the soil surface form different soil
depths. Finally, the data compiled in these experiments enable us to determine the
changes in soil seed-banks that different fire intensities may cause. 
Also, the weight as well as the largest and smallest diameter of the seeds of
each species were measured to relate these morphometric traits to their burial pro-
cess and soil texture, which could also explain interspecific differences of several
traits belonging to the colonizing behaviour of these species. 
METHODS
SPECIES AND SEED COLLECTION
We collected ripe fruits of the following six Cistus species: C. albidus L., C.
crispus L., C. ladanifer L., C. monspeliensis L., C. populifolius L. and C. salvifolius
L. from the Djebala region of Morocco in early autumn. Samples taken from diffe-
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rent populations (4 of C. albidus; 4 of C. crispus; 4 of C. ladanifer; 4 of C. mons-
peliensis; 2 of C. populifolius; and 3 of C. salvifolius) were mixed to produce a
significant sample. In the laboratory the seeds were shaken directly from the dry
dehiscent capsule and hand picked under a dissecting microscope, any damaged,
empty or abnormal ones being discarded. The seeds were kept in paper envelopes
at room temperature and humidity until the following spring, when the experiments
were performed.
GERMINATION OF SEEDS AND MORPHOLOGY OF SEEDS AND SEEDLINGS
We weighed a sample of 1,000 seeds per species and measured the largest and
smallest diameter of 100 seeds per species under the microscope, using an ocular
micrometer gauged with a Leitz 2/200 mm micrometric scale.
To simulate the heat pulse of a forest fire, we exposed the seeds for 5 min to
dry heat, this being comparable to the average time of the heat pulse at the soil sur-
face in prescribed fires (Martin et al., 1975). A previous trial by us (unpublished
results) showed that no seeds of these species survived temperatures higher than
130 ˚C for 5 min, and also that the exposure to temperatures lower than 50 ˚C for
5 min were unable to break seed dormancy. Hence we chose 50˚ C, 60˚ C, 70˚ C,
80 ˚C, 90 ˚C, 100 ˚C, 110 ˚C, 120 ˚C and 130 ˚C ± 0.5 for the specific thermal
treatments, including a control sample for each species. The seed batches were pla-
ced in test tubes hung in a vibrating device, and submerged some 8 cm in a ther-
mostatic oil bath. We used 200 seeds per species and temperature, half of which
were previously scarified by rubbing them in a circular motion between two sheets
of sandpaper in order to interrupt dormancy and to check their highest germination
rate. Three replicates were made for each experiment, for a total of 6,000 seeds per
species were tested, i.e. 36,000 seeds in all.
After each thermal treatment, the seeds were placed into small holes pierced in
an orthogonal pattern in a double sheet of filter paper, holes being 1 cm apart, with
1 seed per hole. The filter papers were laid over glass plates and kept moist by capil-
larity in a constantly damp environment, in daylight, at 18 ˚C to 20 ˚C. Each germi-
nation experiment was checked for 30 days, noting the number of seeds that succes-
sfully germinated each week. 
The tests designed to measure the greatest elongation of seedling hypocotyls
under non-photosynthetic conditions followed the same protocol as the germination
experiments but in darkness. We measured the length of 100 hypocotyls per species
from the origin of the radicle to the junction of the cotyledons every 3 days under
green light, until no lengthening was detected after two consecutive measurements.
SOIL TEMPERATURE PROFILES
From the data of DeBano et al. we chose three soil-temperature profiles (Fig. 1
of DeBano et al., 1977) characteristic of intense, moderate, and low-intensity forest
fires. Also, a profile equivalent to a very low-intensity forest fire was generated
from the previous ones (Table II). Fitting the former data to an inverse law (Tur-
cotte & Schubert, 1982), we prepared four continuous temperature profiles
(Table II) that enabled the correlation of seed-burying depth with the data we had
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compiled on the germinative response after different thermal pulses and the greatest
hypocotyl elongation. 
DATA ANALYSIS
For the statistical significance of the comparisons between the germination
percentages after different thermal pulses, the U Mann-Whitney non-parametric
test was used, since the number of replicates was three and the Student test was
unsuitable because the variances were not homogeneous (a Cochran test was pre-
viously performed). Significant levels of 0.05 (U = 0) and 0.10 (U = 1) were used,
and their specific values are indicated in the results. To establish the significance
of the differences between the mean diameter of the seeds, and the greatest hypo-
cotyl elongation in darkness, we arranged the mean values in ascending order and
applied a z-test between each consecutive pair. Results were considered significant
at P = 0.05, and the specific values are indicated in the results.
RESULTS
MORPHOLOGY OF SEEDS AND SEEDLINGS
The seeds of the six species studied are all very small and unevenly ovoid, with
rough, unevenly faced testa. Their mean largest diameter ranged from 1.06 mm to
1.99 mm and the mean weight from 0.33 mg to 1.72 mg (Table I). The differences
between the means of their largest diameter were all significant (P < 0.05 between
TABLE II
Temperatures at different soil depths (all but the very low from DeBano et al.,
1977) used to calculate the complete thermal proﬁles of the soil, and the coefﬁ-
cients that ﬁt them to the inverse law: Tmax = T0 + a·x-1, where Tmax is the highest
temperature reached at x depth; T0 is the beginning temperature; a is the ﬁtting
coefﬁcient, and x is the depth
Thermal pulse intensity High Moderate Low Very low
Temp. at surface 700 ºC 425 ºC 245 ºC 190 ºC
Temp. at 25 mm depth 180 ºC 168 ºC   84 ºC   65 ºC
Temp. at 50 mm depth   65 ºC   56 ºC   49 ºC   45 ºC
Coefﬁcient a 835.2 453.8 255.9 191.9
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C. crispus and C. ladanifer, and P < 0.01 in the others). In darkness, the hypocotyls
reached mean lengths between 21.2 mm and 33.1 mm (Table  I), and three clusters
with significant differences were detected: the group of C. populifolius and C. albi-
dus, the species C. salvifolius, and the cluster of C. ladanifer, C. crispus and C.
monspeliensis (significance P < 0.01 between the first and the second group, and
P < 0.02 between the second and the third group).
GERMINATION RATE AFTER THERMAL SHOCK 
In the absence of any treatment, all the seeds assayed showed a perceptible ger-
mination rate (from 7.3 in C. populifolius up to 18.0 in C. albidus), which was
nevertheless significantly lower (U = 0; P < 0.05) than the highest germination rate
in both the experiments with scarified (from 82.7 in C. crispus up to 50.3 in C.
populifolius) and unscarified seeds (from 82.7 in C. ladanifer to 58.3 in C. mons-
peliensis). In all the species the highest germination rates after scarification or ther-
mal pulse showed no significant differences (U = 0; P < 0.05). According to
Figure 1 (circle line 1 and 2), germination was boosted by the heat pulse from 80º
C and above in C. monspeliensis (U = 0; P < 0.05), and from 70º C and above in the
remaining species (U = 0; P < 0.05).
Analysing thermal pulses of increasing intensities in relation to the germina-
tion rate, we found (circle line 3 and 4 of Fig. 1) that temperatures were signifi-
cantly more lethal from 100 ˚C on in C. albidus and C. salvifolius, from 120 ˚C on
in C. monspeliensis, and from 110 ˚C on in the rest of the species. In addition, a
small percentage of both scarified and unscarified seeds of C. albidus endured 110
but not 120 ˚C for 5 min, or up to 120 ˚C for 5 min in the other species, but none
germinated after 5 min at 130 ˚C.
TABLE I
Mean of the largest and smallest diameter of the seeds and standard deviations for
a sample of 100 seeds per species. Total weight of a sample of 1 000 seeds per spe-
cies. Greatest lengthening in darkness of the hypocotyls and standard deviations
for a sample of 100 seedlings per species
Species Max. Ø (mm) Min. Ø (mm) Weight (g) Max. Height (mm)
C. albidus 1.48 ± 0.16 1.29 ± 0.14 1.02 32.9 ± 4.1
C. crispus 1.10 ± 0.11 0.84 ± 0.09 0.41 21.8 ± 2.5
C. ladanifer 1.06 ± 0.16 0.78 ± 0.10 0.33 22.3 ± 3.1
C. monspeliensis 1.42 ± 0.12 1.09 ± 0.11 0.96 21.2 ± 3.8
C. populifolius 1.99 ± 0.24 1.35 ± 0.18 1.72 33.1 ± 6.0
C. salvifolius 1.38 ± 0.13 1.23 ± 0.12 1.01 23.9 ± 5.9
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SEED GERMINATION WITHIN THE SOIL PROFILE
The expected rates of seed germination and seedling emergence after the dif-
ferent thermal pulses are shown in Figure 2. This graph represents the germination
probability of Cistus seeds in relation to soil depth, considering the temperature
expected at such depths after different thermal pulses, as well as the probability of
1
2
3
4
G
e
rm
in
a
ti
o
n
 (
%
) 100
80
60
40
20
0
No      50       60       70        80       90     100      110    120     130 
G
e
rm
in
a
ti
o
n
 (
%
) 100
80
60
40
20
0
C. albidus C. crispus
Temperature (°C)
G
e
rm
in
a
ti
o
n
 (
%
) 100
80
60
40
20
0
G
e
rm
in
a
ti
o
n
 (
%
) 100
80
60
40
20
0
C. ladanifer C. monspeliensis
G
e
rm
in
a
ti
o
n
 (
%
) 100
80
60
40
20
0
G
e
rm
in
a
ti
o
n
 (
%
) 100
80
60
40
20
0
C. populifolius C. salvifolius
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
4
No      50       60       70        80       90     100      110    120     130 
Temperature (°C)
No      50       60       70        80       90     100      110    120     130 
Temperature (°C)
No      50       60       70        80       90     100      110    120     130 
Temperature (°C)
No      50       60       70        80       90     100      110    120     130 
Temperature (°C)
No      50       60       70        80       90     100      110    120     130 
Temperature (°C)
Figure 1. — Percentage of germination of the ﬁve-min thermal treatments of the scariﬁed (solid
diamonds and dashed lines) and unscariﬁed (blank diamonds and solid lines) seeds and their standard
deviations (vertical lines in brackets) of the six Cistus species studied. Under each graph: signiﬁcance
of the germination differences observed between: 1, unscariﬁed seeds without thermal treatment versus
unscariﬁed seeds with thermal treatments; 2, scariﬁed seeds versus unscariﬁed seeds with the same
thermal treatment; 3, the highest germination rate registered in experiments with unscariﬁed seeds after
a series of thermal pulses of increasing intensities (ﬁrst small blank circle on the left), versus
germination rates after higher-temperature pulses; 4, the same but in experiments with scariﬁed seeds.
Symbols under each temperature: large solid circles: U = 0, P > 0.95; small solid circles: U = 1,
P > 0.90; small blank circles:U > 1, P not signiﬁcant. All U values from the Mann-Whitney test.
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Figure 2. — Dashed lines: probability of the seedling reaching the soil surface, considering the burying
depth at which the seeds germinate, deduced from the accumulative values of the Gaussian function of
the means and standard deviations of the greatest lengthening values of the hypocotyls. Solid line:
expected germination rate within the soil proﬁle according to the scale of temperature versus depth
deduced from the soil-temperature proﬁles of the four thermal pulses (T. P.) previously established.
Grey bars: probability of germinating and reaching the soil surface in relation to the burying depths of
the seeds, when the two former factors act simultaneously.
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the seedling to reach the soil surface, according to burying depth. From these two
probabilities, we also calculated the probability of successful emergence in relation
to depth after thermal pulses of different intensity (grey bars of the Fig. 2). The dif-
ferences between species in Figure 2 are quantified in Figure 3, which depicts the
expected rate of viable seedlings germinating from the seed bank after different
thermal pulses. This graph shows that: a) the seeds of C. populifolius and C. albidus
produced viable seedlings after the four thermal pulses, those of C. ladanifer, C.
monspeliensis and C. crispus producing viable seedlings after the low and very low
thermal pulses, and C. salvifolius produced viable seedlings in all but the intense
thermal pulse; b) the differences between the rates of seeds that germinated and
emerged after both the intense and moderate thermal pulses, and the other two ther-
mal pulses were notable; c) excluding C. populifolius, all species showed higher
rates of germination and emergence after the very low thermal pulse than after the
low one, but, except in C. ladanifer and C. crispus (U = 0; P < 0.05), the differences
were not significant; d) however, when the seeds present within a constant depth
range (between 0 and 50 mm) were considered, these differences were not signifi-
cant in all the species. 
THERMAL PULSES AND SOIL SEED BANK
The results concerning the effects of the different thermal pulses on the seed
bank of these Cistus species are shown in Table  III, reflecting that: a) the percen-
tage of seeds killed directly by the different thermal pulses varied little between
species, but in the same species the effect of intense thermal pulses was five-fold
greater than that of the very low thermal pulses; b) the rate of seeds with germina-
tion stimulated by high temperatures varied little, either after thermal pulses of dif-
ferent intensities in the same species (a high of 14.3% in C. ladanifer), or after the
C. populifolius C. albidus C. salvifolius C. crispusC. monspeliensisC. ladanifer
1   2    3    4          1   2    3     4         1    2    3    4          1    2    3    4         1    2    3    4          1    2    3    4
40
20
0
G
er
m
in
at
io
n
 (%
)
Figure 3. — Thick bars: expected percentage of viable seedlings germinating from the seed bank after
thermal pulses of high (1), moderate (2), low (3), and very low (4) intensities and their standard
deviations (ﬁne lines within brackets) in seeds buried at equal or shallower depths than the mean
lengthening capacity of their hypocotyls (the comparison of the germination rates among the different
species is not appropriate). White points on the thick bars: the same but of seeds buried at 50 mm depth
     or less (values that can be used for comparisons among the six species studied). A homogeneous 
distribution of buried seeds within the soil depth is assumed in both cases.
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TABLE III
Theoretical percentages of seeds of the six Cistus species studied, calculated for
soil depths 0 to 50 mm: a) which were directly killed by a thermal pulse (T.P.); b)
which showed germination to be stimulated by the different thermal pulses; c)
which were capable of emergence and subsequent photosynthesis; d) which were
incapable of emergence and died from starvation; and e) rates of soil-seed-bank
depletion after different thermal pulses. Based on the data of seed-germination
rate versus temperature, greatest lengthening capacity of hypocotyls in darkness,
and soil-temperature proﬁles after different thermal pulses. For calculations of the
proportion of seeds killed by the thermal pulses, the highest values of the lethal
temperature intervals were used
Species
Thermal 
pulse 
intensity
Killed 
by T.P. 
(%)
Germination 
stimulated by 
T.P. (%)
Germinated & 
able to reach 
surface (%)
Germinated & 
unable to reach 
surface (%)
Seed bank 
depletion 0-5 
cm (%)
High 65.0 14.5 0.3 14.2 79.5
C. albidus Moderate 58.7 14.8 0.9 13.9 73.6
Low 23.1 28.1 20.1 8.0 51.2
Very low 14.2 27.9 21.2 6.7 42.1
High 58.3 25.5 0.0 25.5 83.7
C. crispus Moderate 51.9 26.0 0.0 26.0 77.9
Low 19.7 37.5 13.2 24.3 57.1
Very low 11.5 32.3 21.0 11.3 43.8
High 58.3 27.2 0.0 27.2 85.4
C. ladanifer Moderate 51.9 27.7 0.0 27.7 79.6
Low 19.7 41.5 14.9 26.5 61.1
Very low 11.5 37.3 22.7 14.6 48.8
High 58.3 20.8 0.0 20.8 79.1
C. monspeliensis Moderate 51.9 21.2 0.0 21.2 73.1
Low 19.7 23.0 10.0 13.0 42.7
Very low 11.5 21.8 13.0 8.8 33.2
High 58.3 19.8 1.8 18.1 78.1
C. populifolius Moderate 51.9 20.2 3.3 16.9 72.1
Low 19.7 23.1 19.5 3.6 42.8
Very low 11.5 20.7 17.8 2.9 32.2
High 58.3 23.1 0.1 23.0 81.4
C. salvifolius Moderate 51.9 23.6 0.3 23.3 75.5
Low 19.7 31.2 14.9 16.3 50.9
Very low 11.5 30.4 18.8 11.6 41.9
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same thermal pulse in different species (a high of 18.5% between C. ladanifer and
C. monspeliensis); c) the percentage of germinated seeds successfully emerged dif-
fered little between species after the same thermal pulse (a high of 10.1% between
C. albidus and C. monspeliensis), but the differences were substantial between the
very low and intense thermal pulses in the same species (a high of 22.7% in C. lada-
nifer); d) the opposite was true of seeds that germinated but for which the seedlings
were unable to emerge (a high between species of 22.9% between C. populifolius
and C. ladanifer, and a high between different thermal pulses of 15.2% in C. popu-
lifolius); e) the values for seed-bank depletion after the intense thermal pulse in the
six species were high, (between 85.4% and 78.1%), as were the variations among
the very low and intense thermal pulses (45.9% of difference in C. monspeliensis
and C. populifolius), but the differences between species were not significant.
DISCUSSION
Fire generates new ecological conditions that favour the growth and settlement
of plants, and some species may develop adaptive traits to this situation. Diverse
modes of regeneration (i.e. various seeding and sprouting strategies) have evolved
within Mediterranean-type ecosystems. For chaparral species with seedling strate-
gies, a pattern of limited dispersal and survival in situ through dormant soil-stored
seed is apparently the norm (Kruger, 1983; Whelan, 1986), and also for most Cis-
taceae of the Mediterranean ecosystems, as many studies have reported (see Whe-
lan, 1986; Ferrandis et al., 1999).
The capacity to withstand high temperatures (usually linked to stimulated ger-
mination of dormant seeds) is a frequent trait among seeds of shrubs and grasses of
Mediterranean-type ecosystems described extensively in the literature (see Rundel,
1981; Keeley, 1991). It is widely accepted that the main adaptive traits of Cistus
seeds include the tolerance of high temperatures by taking advantage of the insula-
ting effect of the soil, and the ability to respond to the pyrogenic heat pulse by ger-
minating under favourable post-fire conditions. However, for that, seeds must be
buried deeply enough to be isolated from direct fire temperatures and seedlings
must lengthen enough as to reach the soil surface. These are aspects of the problem
that usually have been overlooked.
DORMANCY BREAKING AND HIGH TEMPERATURE TOLERANCE 
In these six species, the curves of germination rate after different thermal pul-
ses in unscarified seeds (Fig. 1) agree with the hypothetical germination curve of
Martin & Cushwa (1966) and Martin et al. (1975) for legume seeds. Also the tem-
perature intervals that break dormancy in Cistus resemble those of other species
(Sweeney, 1956; Naveh, 1974). Nevertheless, in the species assayed, the germina-
tion rate of seeds without thermal stimulation shows that they are not obligate, but
rather optional, pyrophytes. Our results show that the maximum temperatures tole-
rated for 5 min by these species ranged between 110 ˚C and 120 ˚C. Similar tests
developed with other seeds from Mediterranean-type ecosystems have shown that
many species germinate after more intense thermal pulses than the above range.
Hence, Sweeney (1956) found that within the 21 taxa of the chaparral ecosystems,
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three survived 5-min pulses of 150 ˚C, nine tolerated 160 ˚C and five 170 ˚C. The-
refore, according to our data, the tolerance of heat pulses in Cistus species appears
to be modest when compared to other seeds belonging to fire-prone ecosystems.
Nevertheless, Trabaud & Oustric (1989b) found a significant germination rate in C.
monspeliensis seeds after 5-min pulses of 150 ˚C, and in C. albidus and in C. salvi-
folius after pulses of 130 ˚C. Valbuena et al. (1992) also reported a significant ger-
mination of the seeds of C. ladanifer after 5-min pulses of 150 ˚C, clearly contras-
ting with our results and those of Vuillemin & Bulard (1981). This discrepancy
might be due to the high variability found among seeds of different populations of
Cistus species (Pérez-García 1997), although it might also be caused by the diffe-
rent heat-treatment techniques employed (oven or oil bath).
HYPOCOTYL LENGTHENING, BURYING DEPTH, AND GERMINATION 
For seeds such as these, with a thin testa layer unable to insulate against high
temperatures, soil insulation may be the only way to withstand fires. Two main
active burying mechanisms have been described: burial by ants (Whelan, 1986) and
burial by intrinsic burying mechanisms (Naveh, 1974). The latter mechanism is
impossible in Cistus, considering their lack of hygroscopic awns or similar structu-
res. On the other hand the pattern of appearance of their seedlings suggest burial
processes not involving ants, since seedlings germinating from seeds carried to ant
nests should appear in clumps (Majer, 1982) rather than in the uniform scattered
pattern typical of these Cistus seedlings emerging after fires. Also, seed dispersal
in myrmecochorus plants is usually early spring, when almost no insect corpses (the
main source of ant food) are present in the soil, and not from summer to winter, as
in Cistus species (Dansereau, 1939; Trabaud & Oustric, 1989a).
However, seeds as small as those of Cistus can easily slide into soil cracks, and
some evidence suggests that this passive mechanism is important. In fact, the small-
ness of their seeds might be interpreted as an adaptive trait to this passive burying
mechanism. Due to the slowness of this process, the recovery of their seed bank in
the soil after fires must take several years. In fact, Cistus species can produce seed
some 2 to 3 years after seedling emergence (Le Houerou, 1977; Ferrandis et al.,
1999), and thus, with an active and efficient burying mechanism, Cistus populations
might thus recover from fires recurring every 2-3 years. Nevertheless, field obser-
vations have shown that Cistus species tend to disappear from a burnt area where
fires recur in less than three years (Trabaud & Leppart, 1981; Trabaud, 1992).
Once the seeds are buried, two main factors determine their post-fire germina-
tion: the depth at which the seeds are buried in the soil profile, and the severity of
the pyrogenic heat pulse. Seeds stored too close to the surface are incinerated, while
those buried too deeply remain dormant (Whelan, 1986). However, in Cistus spe-
cies, the hypocotyl-elongation capacity of their seedlings is critical, because small
seedlings cannot emerge from deep in the soil, dying of starvation. 
In the present study (Fig. 2 and 3), the seeds of C. ladanifer, C. monspeliensis
and C. crispus germinated and successfully emerged only after low-intensity ther-
mal pulses; whereas C. salvifolius seedlings emerged after thermal pulses up to
medium intensity. Meanwhile, C. populifolius and C. albidus were the only species
able to emerge after all four thermal pulses, the same species that showed the lon-
gest hypocotyl lengths. Furthermore, the species with the least temperature-tolerant
seeds (C. albidus) germinated and emerged after an intense thermal pulse, whereas
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other species with the most temperature-tolerant seeds (C. crispus, C. monspelien-
sis and C. ladanifer) did not, even when exposed to moderate-intensity thermal pul-
ses. Like C. albidus, C. populifolius can also emerged successfully after the intense
thermal pulse, and in both species the great lengthening capacity of the hypocotyl
is the factor responsible. Hence, survival of different fire regimes appears to be
related mainly to the seedlings’ elongation capacity rather than to the ability of their
seeds to endure thermal pulses of high intensity.
It is noteworthy, however, that the mean maximum lengthening capacity of the
hypocotyls in darkness seems to be unrelated to the mean weight (or to the dimen-
sions) of their seed: i.e. seeds of very similar weight, such as those of C. albidus
and C. monspeliensis (1.02 mg and 0.96 mg, respectively), produce seedlings of
very different mean lengths (32.9 mm and 21.2 mm respectively) whereas seeds
that produced seedlings of similar mean length, such as those of C. crispus, C. lada-
nifer and C. monspeliensis (21.8; 22.3 and 21.2 mm respectively), had markedly
different weights (0.41 mg, 0.33 mg and 0.96 mg respectively). The lack of rela-
tionship between the weight (or the dimensions) of the seeds and the elongation
capacity of the hypocotyl suggests that both traits are subject to selective forces
acting in opposing directions.
Field observations in our region concur with the above conclusions. All the
Cistus species studied, except C. populifolius, live mainly in low, open shrublands
dominated by low shrubs, whereas C. populifolius settles mainly in dense, almost
two-metre-tall evergreen bushlands. As fire intensity depends primarily on the
amount of fuel available in the area, the fire regime in open shrublands would be
less intense than in the dense bushlands inhabited by C. populifolius, in agreement
with the first place occupied by this species in the ranking of hypocotyl elongation
and thermal tolerance of the seeds. Furthermore, the average time between fires in
C. populifolius bushlands is longer than in the shrublands of other Cistus species.
Thus, under the assumption that the probability of self-burial by a passive sliding
process decreases as the seed size increases, then species with larger seeds would
need longer periods to restore their soil seed bank than would those with smaller
seeds. As C. populifolius seeds are the largest of all, the time needed to restore their
seed bank would also be the longest, in agreement with the fire frequency of their
habitat. 
In this regard, the second species in the ranking of seed size (C. albidus) pro-
duces the seeds least tolerant to thermal pulses and is very frequent in areas with
coarse-textured soils (Vuillemin & Bulard, 1981). This kind of soil facilitates the
penetration of larger seeds and burial at great depths, and this is consistent with the
greater lengthening capacity of their hypocotyls, and with the short recovery time
of the seed banks imposed by the short period between fires of this habitat. The low
heat tolerance of C. albidus seeds may also be related to the low-intensity fire
regime in the shrublands that they usually colonize.
The ecosystems that the remaining four species settle differ little and these spe-
cies are usually found together. They respond similarly to the four heat pulses, with
the exception of C. salvifolius, which is somewhat more tolerant to moderate heat
pulses. In relation to their seed dimensions, C. monspeliensis and C. salvifolius
have a slightly larger mean maximum diameter (1.42 and 1.38 mm, respectively)
than do C. crispus and C. ladanifer (1.10 and 1.06 mm, respectively), differences
that might imply different recovery times for their respective soil seed bank after
fire. In fact, C. ladanifer needs three years to reach maturity and thus begins to
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replace its seed bank, while C. salvifolius needs only two years (Ferrandis et al.,
1999), a difference that might compensate for the previous one. 
THERMAL PULSES AND SOIL SEED BANK
One of the more dramatic changes caused by forest fires is a severe depletion
of the soil seed bank. Table  III reflects that the intensity of the thermal pulse is the
main factor governing the soil-seed-bank depletion among these species. The
highest values of seed-bank depletion were registered after the most intense thermal
pulses (from 85.4% in C. ladanifer to 78.1% in C. populifolius), these values due
mainly to the proportion of seeds killed directly by the thermal pulse (from 82% to
68% of the depletion). However, the calculated rates of seed bank depletion after
the less severe thermal pulse (from 48.8% in C. ladanifer to 32.2% in C. populifo-
lius) are caused mainly by the head-stimulated germination of seeds (from 76.4%
to 64.3% of the depletion), most of which emerged (from 86% to 59.6%).
On the other hand, the expected germination rates of the species with seeds
able to germinate and emerge after intense or moderate thermal pulses (C. populi-
folius, C. albidus and C. salvifolius) were extremely low (from 4.2 to 0.4%), and
therefore we should examine whether such a difference could be advantageous for
the species in question, considering the severe seed-bank depletion caused by these
kinds of fires. Taking into account the seed-bank density reported for some Cistus
species (roughly 700/m2; Ferrandis et al., 1999), between 29 and 3 viable seedlings
of these three species per square metre would be expected, and none from the other
three species. Cistus species facing an intense or moderate fire must thus pay a very
high price: the loss of almost their entire seed banks. For species able to produce
viable seedlings, even in low numbers, investment may be advantageous, since they
would compete favourably with other species that fail to do so; however, for those
unable do so, it would be best to avoid these kinds of fires. Nevertheless, both the
low capacity to disperse seeds far from the mother plant (mean distance of 55 cm
and 62 cm in C. monspeliensis and C. salvifolius, respectively; Trabaud & Oustric,
1989c), and the huge amount of seeds they usually produce would ensure soil pat-
ches with high densities of buried seeds only a few years after a fire, densities pro-
bably sufficient to produce significant amounts of seedlings after severe fires. In
this regard, the two above features (low capacity to disperse seeds and production
of huge amount of seeds) might be also considered adaptive traits to fire-prone eco-
systems. 
Finally, the data of the present study also suggest that factors apart from the
response to the pyrogenic heat pulses should be taken into consideration to explain
the post-fire behaviour of the six Cistus species tested, including: fire intensity and
frequency, thermal-insulation capacity of the soil, burying processes of seeds, posi-
tion of buried seeds within the soil profile, seed-bank replenishment, and the
lengthening capacity of the hypocotyl. According to our data, two of these factors,
the lengthening capacity of the hypocotyl, together with the thermal-insulation
capacity of the soil, are vital in explaining the post-fire behaviour of these Cistus
species within the study area, and may well be crucial also for other obligate seeders
that lack adequate reserves in their seeds.
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